
US 20110173350A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0173350 A1 

Coronado et al. (43) Pub. Date: Jul. 14, 2011 

(54) USINGA STORAGE CONTROLLER TO (52) U.S. Cl. ............... .. 710/8; 710/15; 710/19; 711/154; 
DETERMINE THE CAUSE OF DEGRADED 711/E12.001 
I/O PERFORMANCE 

(75) Inventors: Juan A. Coronado, Tucson, AZ 
(US); Christina A. Lara, Tucson, (57) ABSTRACT 
AZ (US); Beth A. Peterson, A method for identifying the cause of degraded l/O perfor 
Tucson, AZ (US); Justin D. Suess, mance between a host system and a storage controller 
Tucson, AZ (US) includes initially monitoring l/O performance between the 

host system and the storage controller. The method further 
(73) Assigneet INTERNATIONAL BUSINESS detects degraded l/O performance between the host system 

MACHINES CORPORATION, and the storage controller using any suitable technique. Once 
Armonk, NY (US) degraded l/O performance is detected, the method determines 

the cause of the degraded l/O performance by analyzing 
(21) APP1- NOJ 12/684,940 historical con?guration records in the storage controller. 

_ These historical con?guration records enable the storage con 
(22) Flled: Jan‘ 9’ 2010 troller to correlate the degraded l/O performance with con 

?guration changes in the storage controller and/or the con 
Publication Classi?cation nected host systems. The method then noti?es one or more 

(51) Int. Cl. host systems of the cause of the degraded l/O performance. A 
G06F 13/00 (200601) corresponding apparatus and computer program product are 
G06F 3/00 (200601) also disclosed herein. 

100 

Network 1 4 

um um um um 
EIEI EIEI EIEI EIEI 
um um um cm 

112 



Patent Application Publication Jul. 14, 2011 Sheet 1 0f 8 US 2011/0173350 A1 

Network 



Patent Application Publication Jul. 14, 2011 Sheet 2 of 8 US 2011/0173350 A1 

SAN 

E 

Storage System 11 8 

Storage Controller 
r1 F1 F1 F1 F1 r1 r1 r1 

Host Adapter(s) m Host Adapter(s) 

E E 

Server m Server 2 6b 

Processor(s) Processor(s) 
m A 

Memory M Memory A 

Cache NVS Cache NVS 
m E m 22_0 

Device Adapter(s) Device Adapter(s) 

m m 
LJ ITI L1 L1 

l 

| 

c % c 2 2 

E E % E (0 w 

204 

Fig. 2 



Patent Application Publication Jul. 14, 2011 Sheet 3 0f 8 US 2011/0173350 A1 

Host 1 1063 Host 2 10% 

Display Module 3148 Display Module 314k) 

Storage Controller m 

Monitoring Module E 

Detection Module Q 

Expected Values 310 

Threshold Values m 

Determination Module @ 

Notification Module 06 

Data Gathering Module 08 

Historical m 
Configuration 

Records 

sgz \\\ \ 
\ Historical Configuration Data \ m 

Previous Hardware Configuration Current Hardware Configuration 
Host LSS Number Number LSS Number Number 
Name Number of Devices of Paths Number of Devices of Paths 

Host 1 0 128 4 O 256 4 

Host 2 O 128 6 O 128 6 

Host 1 16 128 4 16 128 4 

Host 2 16 128 6 16 128 6 

Fig. 3 



Patent Application Publication Jul. 14, 2011 Sheet 4 0f 8 US 2011/0173350 A1 

Host 1 106a Host 2 1 6b 

Display Module 3148' Dlsplay Module 314b 

Storage Controller 20 O 

Monitoring Module 3() 

Detection Module 302 

Expected Values 310 

Threshold Values 2 

Determination Module E 

Notification Module ()6 
— 322 

Data Gathering Module 08 , 
HistoricallMemory Data 

Historical @ m Current 
Configuration Cache - - 

Records NVS 

Historical Configuration Data i 

Previous Hardware Configuration Current Hardware Configuration 

Host LSS Number Number LSS Number Number 
Name Number of Devices of Paths Number of Devices of Paths 

Host 1 O 128 4 0 256 4 

Host 2 0 128 6 0 128 6 

Host 1 16 128 4 16 128 4 

Host 2 16 128 6 16 128 6 

Fig. 4 



Patent Application Publication Jul. 14, 2011 Sheet 5 0f 8 US 2011/0173350 A1 

500 

Degraded 
I/O Performance 

Detected? 

Determine Cause of Degraded 
l/O Performance @ 

506,__\/ Analyze Historical 
Configuration Records 

l 
[Determine Which Hosts are 
Affected by Degraded I/O 

Performance] @ 

Notify [Affected] Host(s) 
of Cause of Degraded l/O 

Performance 51 

Fig. 5 



Patent Application Publication 

600 

M 

lnitiate l/O "V602 

Jul. 14, 2011 Sheet 6 of8 

Storage Controller 

604 -/ \ Monitor l/O Performance 

606v 

608v \ Detect l/O Performance Degradation 

610v \ Determine Cause of V0 
Performance Degradation 

612v 

Notify Host 2 that it is the 
\ Cause l/O Performance 

Degradation due to New 
Application 

m 

US 2011/0173350 A1 

Initiate l/O 

\ Initiate l/O from New 
Application 

Display Message 

Notify Host 1 that Host 2 is 
Causing l/O Performance 

Degradation , V616 

Display Message 

Fig. 6 



Patent Application Publication Jul. 14, 2011 Sheet 7 of 8 US 2011/0173350 A1 

700 

Host 1 Storage Controller Host 2 

Initiate l/O /-v602 602\_/\ Initiate l/O 

604-/\ Monitor l/O Performance 

Add Users to 
Application A ’\"7O2 

Continue |/O /\./704 704 \-/\ Continue l/O 

Add Additional Users to 
Application A ’\’706 

Detect l/O Performance 
Degradation ’\"6O8 

Determine Cause of HO ,\J610 
Performance Degradation 

Notify Host 1 that it is 
Causing l/O Performance 

‘ Degradation due to Too ’\’612 
Many Users on 
Application A 

Display Message f~614 

Notify Host 2 that Host 1 is 
Causing l/O Performance —> 

616\/\ Degradation 

618\_/-\ Display Message 

Fig. 7 



Patent Application Publication 

Host 1 

Initiate V0 

800 

"V602 

Jul. 14, 2011 Sheet 8 of8 

Storage Controller 

602 v 

Monitor l/O Performance 

Attach Additional Logical 
Devices to Host 2 

Detect l/O Performance 
Degradation 

Determine Cause of l/O 
Performance Degradation 

612v 

Notify Host 2 that it is 
Causing l/O Performance 
Degradation due to Too 
Many Logical Devices 

Notify Host 1 that Host 2 is 
Causing l/O Performance 

Degradation 

Display Message 

Fig. 8 

US 2011/0173350 A1 

Host 2 

Initiate l/O 

Direct Storage 
_\ Controller to Attach 

Logical Devices to 
Host 2 

Display Message 



US 2011/0173350 A1 

USING A STORAGE CONTROLLER TO 
DETERMINE THE CAUSE OF DEGRADED 

I/O PERFORMANCE 

BACKGROUND 

[0001] 1. Field of the Invention 
[0002] This invention relates to apparatus and methods for 
monitoring I/O performance, and more particularly to appa 
ratus and methods for determining the cause of degraded I/O 
performance betWeen a host system and a storage controller. 

[0003] 2. Background of the Invention 
[0004] Storage networks, such as storage area netWorks 
(SANs), are frequently used to interconnect different types of 
data storage systems With different types of servers (also 
referred to herein as “host systems”). In many cases, the host 
systems and storage systems are tuned (i.e., con?gured) to 
optimiZe I/O performance betWeen the host systems and stor 
age systems. Modifying the con?guration or settings of the 
host systems and/or storage systems has the potential to nega 
tively affect I/O performance betWeen the systems. Further 
more, degraded I/O performance betWeen any particular host 
system and storage system can potentially affect the 1/0 per 
formance betWeen other host systems and storage systems 
connected thereto, thereby generating system-Wide 1/0 per 
formance problems. 
[0005] In certain cases, a host system communicating With 
a storage system may include a performance measurement 
tool to monitor I/O performance betWeen the host system and 
the storage system. For example, Resource Measurement 
Facility (RMF) is a performance measurement tool for Z/OS 
based host systems that monitors and records performance 
statistics betWeen the host system and a connected storage 
system. Although tools such as RMF may be effective to 
measure and detect degraded I/O performance, such tools are 
limited in their ability to determine the cause or source of the 
degraded I/O performance. In certain cases, tracking doWn 
the cause or source of the problem may require many man 
hours analyZing data from the affected host systems and/or 
storage systems. In Worse case scenarios, determining the 
cause of the problem may involve recreating the problem With 
sniffers on both hardWare and softWare in an attempt to deter 
mine the root cause. 

[0006] In vieW of the foregoing, What are needed are appa 
ratus and methods to more effectively determine the cause of 
degraded I/O performance betWeen host systems and storage 
systems. Further needed are apparatus and methods to moni 
tor con?guration changes to host systems and storage systems 
the can potentially affect I/O performance. Yet further needed 
are apparatus and methods to notify host systems When I/O 
performance With a storage system has been degraded in a 
signi?cant manner. 

SUMMARY 

[0007] The invention has been developed in response to the 
present state of the art and, in particular, in response to the 
problems and needs in the art that have not yet been fully 
solved by currently available apparatus and methods.Accord 
ingly, the invention has been developed to provide apparatus 
and methods for identifying the cause of degraded 1/0 per 
formance betWeen a host system and a storage controller. The 
features and advantages of the invention Will become more 
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fully apparent from the folloWing description and appended 
claims, or may be learned by practice of the invention as set 
forth hereinafter. 

[0008] Consistent With the foregoing, a method for identi 
fying the cause of degraded I/O performance betWeen a host 
system and a storage controller is disclosed herein. In certain 
embodiments, such a method includes initially monitoring 
I/O performance betWeen the host system and the storage 
controller. The method further detects degraded I/O perfor 
mance betWeen the host system and the storage controller 
using any suitable technique. Once the degraded I/O perfor 
mance is detected, the method determines the cause of the 
degraded I/O performance by analyZing historical con?gura 
tion records stored in the storage controller. These historical 
con?guration records enable the storage controller to corre 
late the degraded I/O performance With con?guration 
changes in the storage controller and/ or connected host sys 
tems. The method then noti?es one or more host systems of 
the cause of the degraded I/O performance. In certain 
embodiments, the method noti?es all host systems connected 
to the storage controller or only noti?es those host systems 
that are affected by the degraded I/O performance. 
[0009] A corresponding apparatus and computer program 
product are also disclosed and claimed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In order that the advantages of the invention Will be 
readily understood, a more particular description of the inven 
tion brie?y described above Will be rendered by reference to 
speci?c embodiments illustrated in the appended draWings. 
Understanding that these draWings depict only typical 
embodiments of the invention and are not therefore to be 
considered limiting of its scope, the invention Will be 
described and explained With additional speci?city and detail 
through use of the accompanying draWings, in Which: 
[0011] FIG. 1 is a high-level block diagram shoWing one 
example of a netWork environment in Which an apparatus and 
method in accordance With the invention may be imple 
mented; 
[0012] FIG. 2 is a high-level block diagram shoWing one 
example of a storage system in Which various modules in 
accordance With the invention may be implemented; 
[0013] FIG. 3 is a high-level block diagram shoWing one 
embodiment of modules that may be used to implement an 
apparatus and method in accordance With the invention; 
[0014] FIG. 4 is a high-level block diagram shoWing an 
alternative embodiment of modules that may be used to 
implement an apparatus and method in accordance With the 
invention; 
[0015] FIG. 5 is a How chart shoWing one embodiment of a 
method for identifying the cause of degraded I/O perfor 
mance betWeen a host system and a storage controller; 

[0016] FIG. 6 is a sequence diagram shoWing a ?rst sce 
nario for identifying a cause of degraded I/O performance 
betWeen a host system and a storage controller; 

[0017] FIG. 7 is a sequence diagram shoWing a second 
scenario for identifying a cause of degraded I/O performance 
betWeen a host system and a storage controller; and 

[0018] FIG. 8 is a sequence diagram shoWing a third sce 
nario for identifying a cause of degraded I/O performance 
betWeen a host system and a storage controller. 
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DETAILED DESCRIPTION 

[0019] It will be readily understood that the components of 
the present invention, as generally described and illustrated in 
the Figures herein, could be arranged and designed in a wide 
variety of different con?gurations. Thus, the following more 
detailed description of the embodiments of the invention, as 
represented in the Figures, is not intended to limit the scope of 
the invention, as claimed, but is merely representative of 
certain examples of presently contemplated embodiments in 
accordance with the invention. The presently described 
embodiments will be best understood by reference to the 
drawings, wherein like parts are designated by like numerals 
throughout. 
[0020] As will be appreciated by one skilled in the art, the 
present invention may be embodied as an apparatus, system, 
method, or computer program product. Furthermore, the 
present invention may take the form of a hardware embodi 
ment, a software embodiment (including ?rmware, resident 
software, micro-code, etc.) con?gured to operate hardware, 
or an embodiment combining software and hardware aspects 
that may all generally be referred to herein as a “module” or 
“system.” Furthermore, the present invention may take the 
form of a computer-usable storage medium embodied in any 
tangible medium of expression having computer-usable pro 
gram code stored therein. 
[0021] Any combination of one or more computer-usable 
or computer-readable storage medium(s) may be utiliZed to 
store the computer program product. The computer-usable or 
computer-readable storage medium may be, for example but 
not limited to, an electronic, magnetic, optical, electromag 
netic, infrared, or semiconductor system, apparatus, or 
device. More speci?c examples (a non-exhaustive list) of the 
computer-readable storage medium may include the follow 
ing: an electrical connection having one or more wires, a 
portable computer diskette, a hard disk, a random access 
memory (RAM), a read-only memory (ROM), an erasable 
programmable read-only memory (EPROM or Flash 
memory), an optical ?ber, a portable compact disc read-only 
memory (CDROM), an optical storage device, or a magnetic 
storage device. In the context of this document, a computer 
usable or computer-readable storage medium may be any 
medium that can contain, store, or transport the program for 
use by or in connection with the instruction execution system, 
apparatus, or device. 
[0022] Computer program code for carrying out operations 
of the present invention may be written in any combination of 
one or more programming languages, including an object 
oriented programming language such as Java, Smalltalk, 
C++, or the like, and conventional procedural programming 
languages, such as the “C” programming language or similar 
programming languages. Computer program code for imple 
menting the invention may also be written in a low-level 
programming language such as assembly language. 
[0023] The present invention may be described below with 
reference to ?owchart illustrations and/ or block diagrams of 
methods, apparatus, systems, and computer program prod 
ucts according to embodiments of the invention. It will be 
understood that each block of the ?owchart illustrations and/ 
or block diagrams, and combinations of blocks in the ?ow 
chart illustrations and/or block diagrams, can be imple 
mented by computer program instructions or code. These 
computer program instructions may be provided to a proces 
sor of a general-purpose computer, special-purpose com 
puter, or other programmable data processing apparatus to 
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produce a machine, such that the instructions, which execute 
via the processor of the computer or other programmable data 
processing apparatus, create means for implementing the 
functions/ acts speci?ed in the ?owchart and/ or block diagram 
block or blocks. 

[0024] The computer program instructions may also be 
stored in a computer-readable storage medium that can direct 
a computer or other programmable data processing apparatus 
to function in a particular manner, such that the instructions 
stored in the computer-readable storage medium produce an 
article of manufacture including instruction means which 
implement the function/act speci?ed in the ?owchart and/or 
block diagram block or blocks. 
[0025] The computer program instructions may also be 
loaded onto a computer or other programmable data process 
ing apparatus to cause a series of operational steps to be 
performed on the computer or other programmable apparatus 
to produce a computer implemented process such that the 
instructions which execute on the computer or other pro gram 
mable apparatus provide processes for implementing the 
functions/ acts speci?ed in the ?owchart and/ or block diagram 
block or blocks. 

[0026] Referring to FIG. 1, one example of a network archi 
tecture 100 is illustrated. The network architecture 100 is 
presented to show one example of an environment where an 
apparatus and method in accordance with the invention may 
be implemented. The network architecture 100 is presented 
only by way of example and is not intended to be limiting. 
Indeed, the apparatus and methods disclosed herein may be 
applicable to a wide variety of different computers, servers, 
storage devices, and network architectures, in addition to the 
network architecture 100 shown. 

[0027] As shown, the network architecture 100 includes 
one or more computers 102, 106 interconnected by a network 
104. The network 104 may include, for example, a local-area 
network (LAN) 104, a wide-area-network (WAN) 104, the 
Internet 104, an intranet 104, or the like. In certain embodi 
ments, the computers 102, 106 may include both client com 
puters 102 and server computers 106 (also referred to herein 
as “host systems” 106). In general, client computers 102 may 
initiate communication sessions, whereas server computers 
106 may wait for requests from the client computers 102. In 
certain embodiments, the computers 102 and/or servers 106 
may connect to one or more internal or external direct-at 

tached storage systems 112 (e.g., arrays of hard-disk drives, 
solid-state drives, tape drives, etc.). These computers 102, 
106 and direct-attached storage systems 112 may communi 
cate using protocols such as ATA, SATA, SCSI, SAS, Fibre 
Channel, or the like. One or more of the storage systems 112 
may utiliZe the apparatus and methods described herein to 
identify the cause of degraded I/O performance between a 
storage system 112 and a host system 106. 
[0028] The network architecture 100 may, in certain 
embodiments, include a storage network 108 behind the serv 
ers 106, such as a storage-area-network (SAN) 108 or a LAN 
108 (e.g., when using network-attached storage). This net 
work 108 may connect the servers 106 to one or more storage 
systems 110, such as arrays 11011 of hard-disk drives or solid 
state drives, tape libraries 110b, individual hard-disk drives 
1100 or solid-state drives 110c, tape drives 110d, CD-ROM 
libraries, or the like. To access a storage system 110, a host 
system 106 may communicate over physical connections 
from one or more ports on the host 106 to one or more ports 

on the storage system 110. A connection may be through a 
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switch, fabric, direct connection, or the like. In certain 
embodiments, the servers 106 and storage systems 110 may 
communicate using a networking standard such as Fibre 
Channel (FC). One or more of the storage systems 110 may 
utilize the apparatus and methods described herein to identify 
the cause of degraded I/O performance between a storage 
system 110 and a host system 106. 

[0029] Referring to FIG. 2, one embodiment of a storage 
system 110a containing an array of storage devices 204 (e. g., 
hard-disk drives 204 and/or solid-state drives 204) is illus 
trated. The internal components of the storage system 11011 
are shown since the apparatus and methods disclosed herein 
may, in certain embodiments, be implemented within such a 
storage system 110a, although the apparatus and methods 
may also be implemented within other storage systems 110, 
112. As shown, the storage system 110a includes a storage 
controller 200, one or more switches 202, and one or more 

storage devices 204, such as hard-disk drives 204 or solid 
state drives 204 (e.g., ?ash-memory-based drives 204). The 
storage controller 200 may enable one or more hosts 106 

(e.g., open system and/or mainframe servers 106) to access 
data stored in the one or more storage devices 204. 

[0030] As shown in FIG. 2, the storage controller 200 
includes one or more servers 206. The storage controller 200 

may also include host adapters 208 and device adapters 210 to 
connect the storage controller 200 to host devices 106 and 
storage devices 204, respectively. Multiple servers 206a, 
2061) may provide redundancy to ensure that data is always 
available to connected hosts 106. Thus, when one server 206a 
fails, the other server 2061) may remain functional to ensure 
that U0 is able to continue between the hosts 106 and the 
storage devices 204. This process may be referred to as a 
“failover.” 

[0031] One example of a storage system 110a having an 
architecture similar to that illustrated in FIG. 2 is the IBM 
DS8000TM enterprise storage system. The DS8000TM is a 
high-performance, high-capacity storage controller provid 
ing disk storage that is designed to support continuous opera 
tions. The DS8000TM series models may use IBM’s 
POWERSTM servers 206a, 206b, which may be integrated 
with IBM’s virtualization engine technology. Nevertheless, 
the apparatus and methods disclosed herein are not limited to 
the IBM DS8000TM enterprise storage system 11011, but may 
be implemented in any comparable or analogous storage sys 
tem 110 regardless of the manufacturer, product name, or 
components or component names associated with the storage 
system 110. Any storage system 110 that could bene?t from 
one or more embodiments of the invention is deemed to fall 
within the scope of the invention. Thus, the IBM DS8000TM is 
presented only by way of example and is not intended to be 
limiting. 
[0032] In selected embodiments, each server 206 includes 
one or more processors 212 (e.g., n-way symmetric multipro 
cessors) and memory 214. The memory 214 may include 
volatile memory (e.g., RAM) as well as non-volatile memory 
(e.g., ROM, EPROM, EEPROM, hard disks, ?ash memory, 
etc.). The volatile memory and non-volatile memory may 
store software modules that run on the processor(s) 212 and 
are used to access data in the storage devices 204. The servers 
206 may host at least one instance of these software modules. 
These software modules may manage all read and write 
requests to logical volumes in the storage devices 204. 
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[0033] In selected embodiments, the memory 214 includes 
a cache 218. Whenever a host 106 performs a read operation, 
the server 206 that performs the read may fetch data from the 
storages devices 204 and save it in its cache 218 in the event 
it is required again. If the data is requested again by a host 106, 
the server 206 may fetch the data from the cache 218 instead 
of fetching it from the storage devices 204, saving both time 
and resources. Similarly, when a host 106 performs a write, 
the server 106 that receives the write request may store the 
write in its cache 218 and destage the write to the storage 
devices 204 at a later time. When a write is stored in cache 
218, the write may also be stored in non-volatile storage 
(NV S) 220 of the opposite server 2061) so that the write can be 
recovered by the opposite server 2061) in the event the ?rst 
server 206a fails. 

[0034] Referring to FIG. 3, apparatus and methods in 
accordance with the invention may be implemented in the 
form of one or more modules. These modules may be imple 
mented in hardware, software or ?rmware executable on 
hardware, or a combination thereof. These modules are pre 
sented only by way of example and are not intended to be 
limiting. Indeed, alternative embodiments may include more 
or fewer modules than those illustrated. Furthermore, it 
should be recognized that, in some embodiments, the func 
tionality of some modules may be broken into multiple mod 
ules or, conversely, the functionality of several modules may 
be combined into a single module or fewer modules. It should 
also be recognized that the modules are not necessarily imple 
mented in the locations where they are illustrated. For 
example, some functionality shown in the storage controller 
200 may actually be implemented in a host system 106 and 
vice versa. Other functionality shown only in the storage 
controller 200 may actually be distributed across the storage 
controller 200 and a host system 106. Thus, the location of the 
modules is presented only by way of example and is not 
intended to be limiting. 

[0035] As shown in FIG. 3, in selected embodiments, a 
storage controller 200 may include one or more of a monitor 

ing module 300, a detection module 302, a determination 
module 304, a noti?cation module 306, and a data gathering 
module 308. The storage controller 200 may also include a 
repository storing historical con?guration records 316. As 
will be explained in more detailer hereafter, the storage con 
troller 200 may use these historical con?guration records 316 
to identify the cause of degraded I/O performance between a 
host system 106 and the storage controller 200. 

[0036] A monitoring module 300 may be con?gured to 
monitor the I/O performance between a host system 106 and 
the storage controller 200. This may be accomplished, for 
example, by monitoring the data transmission rate between 
the host system 106 and the storage controller 200, counting 
the number of errors or timeouts that occur between the host 

system 106 and the storage controller 200, or monitoring 
other suitable metrics. A detection module 302 may be con 
?gured to detect when the I/ O performance between the host 
system 106 and the storage controller 200 has degraded. For 
example, the detection module 302 may detect when the I/O 
performance falls below a performance threshold value 312 
or negatively deviates some amount from an expected value 

310 (such as an average value, target value, or the like). In 
certain embodiments, the performance threshold values 312 
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or expected values 310 may be collected or de?ned on a per 
host basis since the values 310, 312 for each host 106 may 
differ. In certain embodiments, the detection module 302 may 
verify that the negative deviation occurs for a selected amount 
of time to ensure that the deviation is not just temporary 
interruption or spike that Will quickly return to a normal 
steady state. 
[0037] Once it is determined that I/O performance has been 
degraded, a determination module 304 may determine the 
cause of the degraded I/O performance. This may be accom 
plished by analyZing historical con?guration records 316 in 
the storage controller 200. A data gathering module 308 may 
gather and maintain these historical con?guration records 
316 as con?guration changes are made to the connected host 
systems 106 and/or storage controller 200. In general, the 
historical con?guration records 316 may record con?guration 
changes for the host systems 106 and/or the storage controller 
200 over a period of time. These records 316 may be stored in 
a table 318 or other suitable data structure 318. When 
degraded I/O performance is detected, the determination 
module 304 may analyZe any con?guration changes that 
occurred to host systems 106 and/or the storage controller 
200 to determine the cause of the degraded I/O performance. 
If con?guration changes did occur at or near the time the 
degraded I/O performance Was detected, the determination 
module 304 may determine that the degraded I/O perfor 
mance Was caused by the con?guration changes. 

[0038] Once the cause of the degraded I/O performance has 
been determined, the noti?cation module 306 may notify one 
or more hosts 106 of the cause of the degraded I/O perfor 
mance. This Will alloW system administrators to address the 
cause of the degraded I/O performance such as by reversing 
con?guration changes or altering a host’s or storage control 
ler’s con?guration in a Way that addresses the problem. In 
certain embodiments, the noti?cation module 306 only noti 
?es the host system 106 that directly caused the degraded I/O 
performance. In other embodiments, the noti?cation module 
306 noti?es all host systems 106 that are affected by the 
degraded I/O performance. For example, certain ho st systems 
106, although not the direct cause of the degraded I/O perfor 
mance, may be negatively affected (by having their oWn I/O 
performance affected, for example) by con?guration changes 
on other host systems 106. In such cases, the noti?cation 
module 306 may notify the system administrators of all 
affected host systems 106 so they can take appropriate action. 
In yet other embodiments, the noti?cation module 306 noti 
?es all host systems 106 that are connected to the storage 
controller 200, regardless of Whether they are negatively 
affected. 

[0039] When a noti?cation is received by a host system 
106, a display module 314 may display the noti?cation. This 
Will notify a system administrator or other user of the problem 
and the cause of the problem. In certain embodiments, the 
display module 314 Will display the noti?cation automati 
cally. In other embodiments, the display module 314 Will 
display the noti?cation in response to user input, such as in 
response to the user clicking an icon or issuing a command. 

[0040] To illustrate the operation of the above-described 
modules 300, 302, 304, 306, consider historical con?guration 
data 318 shoWing a previous hardWare con?guration 320 and 
a current hardWare con?guration 322 for tWo host systems 
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106a, 1061) (“Host 1” and “Host 2”). Assume that a system 
administrator con?gured the ?rst host system 10611 With 16 
logical subsystems (LSSs), With each LSS including 128 
devices (i.e., logical volumes) and four logical paths for com 
munication. Further assume that the system administrator 
con?gured the second host system 1061) With 16 LSSs, With 
each LSS including 128 devices and six logical paths for 
communication. Assume that additional devices are added to 

the storage system 11011 to accommodate a neW application 
on the host system 10611 or to accommodate additional users 

on an existing application on the host system 10611. As shoWn 
in FIG. 3, the number of devices associated With LSS 0 of 
Host 1 increases from 128 to 256. HoWever, the number of 
logical paths betWeen the host system 106a and the storage 
controller 200 does not change to accommodate the I/O to 
these neW devices. In effect, adding the neW devices Without 
any additional logical paths funnels the I/O for these neW 
devices through the existing logical paths. 
[0041] Assume that the detection module 302 detects 
degraded I/O performance for I/O directed to one or more 
volumes of LSS 0 of Host 1 after the above-stated con?gura 
tion changes have been made. Upon detecting the degraded 
I/O performance, the determination module 304 analyZes the 
historical con?guration records 316 to determine if any con 
?guration changes may have caused the degradation. Upon 
determining that the number of devices in LSS 0 of Host 1 
increased Without any increase in the number of logical paths 
betWeen Host 1 and the storage controller 200, the determi 
nation module 304 may determine that the additional devices 
caused the I/O performance degradation. The noti?cation 
module 306 may then notify the host system 10611 that caused 
the I/O performance degradation. This Will enable a system 
administrator to change the con?guration (such as by deleting 
devices or adding logical paths to accommodate the addi 
tional devices) to restore the desired I/O performance. 

[0042] Degraded I/O performance may occur for a variety 
of reasons and is not limited to the example presented above. 
For example, I/O performance may be degraded by adding 
neW applications to a production environment. Without addi 
tional con?guration changes to accommodate a neW applica 
tion, the application may consume additional resources 
Which may degrade I/O performance. In other cases, I/O 
performance may be degraded by adding neW users to an 
existing application. These neW users may place additional 
stress on the storage controller, thereby degrading I/O perfor 
mance. In other cases, an application With increasing hard 
Ware resource demands may eventually cause I/O perfor 
mance degradation. In yet other cases, I/O performance may 
be degraded by assigning additional logical devices to an 
application Without additional con?guration changes to 
accommodate the neW logical devices. 

[0043] In other cases, I/O performance degradation may be 
caused by the loss of a physical path betWeen a host 106 and 
a storage controller 200. This may cause one or more logical 
paths to be lost betWeen the host 106 and the storage control 
ler 200 (since several logical paths may travel over a single 
physical path). The loss of the physical path may be due to 
maintenance or a hardWare failure such as a ho st and/ or 

storage controller port failure. The loss of one or more logical 
paths may cause degraded I/O performance Without a change 
in I/O throughput to compensate for the lost resources. 
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[0044] In others cases, I/O performance degradation may 
be observed in a remote copy environment Where a primary 
storage controller 200 mirrors I/O to a secondary storage 
controller 200 over one or more logical paths. These logical 
paths may pass through a sWitch or other hardWare. The loss 
of a physical path betWeen the primary storage controller 200 
and the secondary storage controller 200 may cause one or 
more logical paths to be lost, thereby negatively affecting I/O 
performance. In such cases, the host system 106 may be 
noti?ed that the loss of the physical path is the cause of the I/O 
performance degradation. 
[0045] Referring to FIG. 4, in selected embodiments, the 
historical con?guration records 316 may be augmented to 
include historical memory data 322. This historical memory 
data 322 may record previous and current amounts of cache 
218 and NVS 220 in the storage controller 200.As the storage 
controller 200 processes I/O, memory failures may cause the 
amount of available cache 218 or NVS 220 to decrease. This 
may cause an increased number of cache misses, thereby 
degrading I/ O performance. When the detection module 302 
detects degraded I/ O performance, the determination module 
304 may analyZe the amount of usable space in the cache 218 
and the NVS 220. If the amount of usable space in the cache 
218 or NVS 220 falls beloW a selected threshold, the deter 
mination module 304 may determine that the degraded I/O 
performance is the result of the decreased space. In such 
cases, the noti?cation module 306 may notify connected 
hosts 106 that degraded I/O performance is the result of a 
smaller usable cache 218 and/or NVS 220. 

[0046] Referring to FIG. 5, one embodiment of a method 
500 for identifying the cause of degraded I/O performance 
betWeen a host system 106 and a storage controller 200 is 
illustrated. As shoWn, the method 500 initially determines 
502 Whether degraded I/ O performance is detected. If 
degraded I/O performance is detected, the method 500 deter 
mines 504 the cause of the degraded I/O performance. In 
doing so, the method 500 may analyZe 506 historical con?gu 
ration records 316 in an attempt to correlate the degraded I/O 
performance With one or more con?guration changes in the 
hosts systems 106 and/or storage controller 200. 
[0047] Once the method 500 has determined the cause of 
the degraded I/O performance, the method 500 optionally 
determines 508 Which hosts 106 are affected by the degraded 
I/O performance. The method 500 may then notify 510 one or 
more hosts of the cause of the degraded I/ O performance. This 
may include notifying the host 106 that caused the degraded 
I/O performance, the hosts 106 that are affected by the 
degraded I/O performance, or all hosts 106 that are connected 
to the storage controller 200. 

[0048] Referring to FIGS. 6 through 8, several different 
scenarios shoWing the communication betWeen a host system 
106 and a storage controller 200 are illustrated. Each scenario 
shoWs various steps that may be performed to identify the 
cause of degraded I/ O performance betWeen the host system 
106 and the storage controller 200. These scenarios are pre 
sented by Way of example and are not intended to be limiting. 
Thus, different variations of these scenarios are possible and 
Within the scope of the invention. 

[0049] Referring to FIG. 6, a ?rst scenario 600 for identi 
fying the cause of degraded I/O performance betWeen a host 
system 106 and a storage controller 200 is illustrated. In this 
scenario 600, ?rst and second host systems 106a, 1061) ini 
tiate 602 I/O With a storage controller 200. The storage con 
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troller 200, in turn, monitors 604 the I/O performance 
betWeen the host systems 106a, 1061) and the storage control 
ler 200. 

[0050] In this scenario, the second host system 1061) ini 
tiates 606 I/O from a neW application that degrades I/O per 
formance betWeen the second host system 1061) and the stor 
age controller 200. This degraded I/ O performance may but 
does not necessarily affect the I/O performance betWeen the 
?rst host system 106a and the storage controller 200. The 
storage controller 200 detects 608 the I/O performance deg 
radation and determines 610 the cause of the I/ O performance 
degradation by analyZing the historical con?guration records 
316. The storage controller 200 then noti?es 612 the second 
host 1061) that it is causing the I/O performance degradation 
as a result of the neW application. The second host 1061) may 
display 614 this message, thereby alloWing a system admin 
istrator to take corrective action. Optionally, the storage con 
troller 200 may also notify 616 the ?rst host 10611 that the 
second host 1061) is causing I/O performance degradation. 
The ?rst host 106a may also display 618 the message. 

[0051] Referring to FIG. 7, a second scenario 700 for iden 
tifying the cause of degraded I/O performance betWeen a host 
system 106 and a storage controller 200 is illustrated. In this 
scenario 700, ?rst and second host systems 106a, 1061) ini 
tiate 602 I/O With a storage controller 200. The storage con 
troller 200, in turn, monitors 604 the I/O performance 
betWeen the host systems 106a, 1061) and the storage control 
ler 200. 

[0052] In this scenario, the ?rst host system 106a adds 702 
users to application A and the host systems 106a, 1061) con 
tinue 704 I/O With the storage controller 200. The ?rst host 
system 1061) then adds 706 additional users to application A 
such that the I/O performance betWeen the ?rst host device 
106a and the storage controller 200 is degraded. This 
degraded I/ O performance may, but does not necessarily, 
affect the I/O performance betWeen the second host system 
1061) and the storage controller 200. The storage controller 
200 detects 608 the I/O performance degradation and deter 
mines 610 the cause of the I/O performance degradation by 
analyZing the historical con?guration records 316. The stor 
age controller 200 then noti?es 612 the ?rst host 10611 that it 
is causing I/ O performance degradation as a result of too 
many users using application A. The ?rst host 106a may 
display 614 this message to enable a system administrator to 
take corrective action. Optionally, the storage controller 200 
may notify 616 the second host 1061) that the ?rst host 10611 is 
causing I/ O performance degradation. The second host 1061) 
may also display 618 the message. 
[0053] Referring to FIG. 8, a third scenario 800 for identi 
fying the cause of degraded I/ O performance betWeen a host 
system 106 and a storage controller 200 is illustrated. In this 
scenario 800, ?rst and second host systems 106a, 1061) ini 
tiate 602 I/O With a storage controller 200. The storage con 
troller 200 monitors 604 the I/O performance betWeen the 
host systems 106a, 1061) and the storage controller 200. 
[0054] In this scenario, the second host system 1061) directs 
802 the storage controller 200 to attach one or more logical 
devices (i.e., logical volumes) to the second host system 
1061). The storage controller 200 then attaches 804 the one or 
more logical devices. This attachment causes I/O perfor 
mance degradation betWeen the second host system 1061) and 
the storage controller 200. This degraded I/O performance 
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may but does not necessarily affect the I/O performance 
between the ?rst host system 106a and the storage controller 
200. 

[0055] The storage controller 200 detects 608 the I/O per 
formance degradation and determines 61 0 the cause of the I/O 
performance degradation by analyZing the historical con?gu 
ration records 316. The storage controller 200 then noti?es 
612 the second host 1061) that it is causing l/O performance 
degradation as a result of the neWly attached logical devices. 
The second host 1061) may display 614 this message to enable 
a system administrator to take corrective action. Optionally, 
the storage controller 200 may notify 616 the ?rst host 10611 
that the second host 1061) is causing l/O performance degra 
dation. The ?rst host 106a may then display 618 the message 
so a system administrator can take appropriate action. 

[0056] The ?oWcharts and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods, and computer 
usable media according to various embodiments of the 
present invention. In this regard, each block in the ?oWcharts 
or block diagrams may represent a module, segment, or por 
tion of code, Which comprises one or more executable 
instructions for implementing the speci?ed logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the Figures. For example, tWo blocks shoWn 
in succession may, in fact, be executed substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It Will also 
be noted that each block of the block diagrams and/ or How 
chart illustrations, and combinations of blocks in the block 
diagrams and/or ?owchart illustrations, may be implemented 
by special purpose hardWare-based systems that perform the 
speci?ed functions or acts, or combinations of special pur 
pose hardWare and computer instructions. 

1. A method for identifying the cause of degraded l/O 
performance betWeen a host system and a storage controller, 
the method comprising: 

monitoring l/O performance betWeen a ?rst host system 
and a storage controller; 

detecting degraded l/O performance betWeen the ?rst host 
system and the storage controller; 

determining the cause of the degraded l/O performance by 
analyZing historical con?guration records stored in the 
storage controller; and 

notifying the ?rst host system of the cause of the degraded 
l/O performance. 

2. The method of claim 1, further comprising notifying a 
second host system of the cause of the degraded l/O perfor 
mance betWeen the ?rst host system and the storage control 
ler. 

3. The method of claim 1, Wherein detecting degraded l/O 
performance comprises detecting the deviation of the I/O 
performance from an expected l/O performance value. 

4. The method of claim 1, Wherein notifying the ?rst host 
system further comprises notifying all host systems that are 
connected to the storage controller. 

5. The method of claim 1, Wherein notifying the ?rst host 
system further comprises notifying all host systems that are 
connected to the storage controller and are negatively affected 
by the degraded l/O performance. 
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6. The method of claim 1, Wherein the historical con?gu 
ration records document at least one of hardWare and softWare 
con?guration changes for host systems communicating With 
the storage controller. 

7. The method of claim 1, Wherein the historical con?gu 
ration records document at least one of hardWare and softWare 
con?guration changes for the storage controller. 

8. The method of claim 1, further comprising displaying 
the cause of the degraded l/O performance to a system admin 
istrator of the ?rst host system. 

9. A computer program product to identify the cause of 
degraded l/O performance betWeen a host system and a stor 
age controller, the computer program product comprising a 
computer-readable storage medium having computer-usable 
program code embodied therein, the computer-usable pro 
gram code comprising: 

computer-usable program code to monitor l/O perfor 
mance betWeen a ?rst host system and a storage control 

ler; 
computer-usable program code to detect degraded l/O per 

formance betWeen the ?rst host system and the storage 
controller; 

computer-usable program code to determine the cause of 
the degraded l/O performance by analyZing historical 
con?guration records stored in the storage controller; 
and 

computer-usable program code to notify the ?rst host sys 
tem of the cause of the degraded l/O performance. 

10. The computer program product of claim 9, further 
comprising computer-usable program code to notify a second 
host system of the cause of the degraded l/O performance 
betWeen the ?rst host system and the storage controller. 

11. The computer program product of claim 9, Wherein 
detecting degraded l/O performance comprises detecting the 
deviation of the I/O performance from an expected l/O per 
formance value. 

12. The computer program product of claim 9, Wherein 
notifying the ?rst host system further comprises notifying all 
host systems that are connected to the storage controller. 

13. The computer program product of claim 9, Wherein 
notifying the ?rst host system further comprises notifying all 
host systems that are connected to the storage controller and 
are negatively affected by the degraded l/O performance. 

14. The computer program product of claim 9, Wherein the 
historical con?guration records document at least one of 
hardWare and softWare con?guration changes for host sys 
tems communicating With the storage controller. 

15. The computer program product of claim 9, Wherein the 
historical con?guration records document at least one of 
hardWare and softWare con?guration changes for the storage 
controller. 

16. The computer program product of claim 9, further 
comprising computer-usable program code to display the 
cause of the degraded l/O performance to a system adminis 
trator of the ?rst host system. 

17. An apparatus to identify the cause of degraded l/O 
performance betWeen a host system and a storage controller, 
the apparatus comprising: 

a monitoring module to monitor the I/O performance 
betWeen a ?rst host system and a storage controller; 

a detection module to detect degraded l/O performance 
betWeen the ?rst host system and the storage controller; 
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a determination module to determine the cause of the 
degraded l/O performance by analyzing historical con 
?guration records stored in the storage controller; and 

a noti?cation module to notify the ?rst host system of the 
cause of the degraded l/O performance. 

18. The apparatus of claim 17, Wherein the noti?cation 
module is further con?gured to notify a second host system of 
the cause of the degraded l/O performance betWeen the ?rst 
host system and the storage controller. 

19. The apparatus of claim 17, Wherein the detection mod 
ule is con?gured to detect the degraded l/O performance by 
detecting the deviation of the I/O performance from an 
expected l/O performance Value. 

20. The apparatus of claim 17, Wherein the noti?cation 
module is con?gured to notify all host systems that are con 
nected to the storage controller. 
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21. The apparatus of claim 17, Wherein the noti?cation 
module is con?gured to notify all host systems that are con 
nected to the storage controller and are negatively affected by 
the degraded l/O performance. 

22. The apparatus of claim 17, Wherein the historical con 
?guration records document at least one of hardWare and 
softWare con?guration changes for host systems communi 
cating With the storage controller. 

23. The apparatus of claim 17, Wherein the historical con 
?guration records document at least one of hardWare and 
softWare con?guration changes of the storage controller. 

24. The apparatus of claim 17, further comprising a display 
module to display the cause of the degraded l/O performance 
to a system administrator of the ?rst host system. 

* * * * * 


